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Description 

The present invention relates to encapsulated 
living cells, their preparation and uses. 

The use of cells, either of animal or vegetable 
origin, in vitro, has recently received renewed 
attention due to a number of important tech- 
nological developments. For example, in vitro cell 
cultures of hybridomas are now routinely utilized 
for the preparation of monoclonal antibodies of 
great specificity. Cancer cell lines are utilized in 
vitro for formation of such hybridomas, and also 
for the screening and testing of potential car- 
cinogenic and anticarcinogenic compounds. Pan- 
creatic cells have been utilized in vitro and in vivo 
for the production and delivery of insulin. Also, 
the industrial utilization of isolated immobilized 
cells has received attention, since these can be 
used as catalysts for biochemical reactions, and 
such reactions can be used as important tools in 
syntheses and analytical determinations (see, for 
example, Ven/catsubramanian, "Immobilized 
Microbial Cells", 106 ACS Symposium Series, 
(1979)). 

In many instances, the direct introduction of a 
foreign cell into a host can produce severe 
immune responses in the host. For example, 
when growing hybridoma ceils in the ascites fluid 
of a host such as a mouse, the mouse has to be 
pretreated so as to prevent immune response. 
When injecting whole insulin cells into a human, 
immune response, is also a complicating feature. 
A need, therefore, exists for improved methods of 
facilitating the introduction of such cells into a 
host, as well as generally, for facilitating the 
manipulation of cells in vitro, 
• A number of methods has been described in the 
prior art relating to either the encapsulation or 
entrapment of biologically active materials. 

Urn etaJ, for example, in U.S. Patents 4,251,387, 
4,255,411 and 4,257,884, describe techniques for 
producing semi-permeable microcapsules by 
interfacial polymerization, and their uses in 
immunoassays and chromatography. The 
material to be encapsulated and a hydrophilic 
monomer are emulsified in a hydrophobic con- 
tinuous phase. Polymerization is initiated by dis- 
solving a second monomer in the continuous 
phase, and occurs only at the interface between 
the hydrophilic droplets and hydrophobic con- 
tinuous phase, to result in the formation of mac- 
roporous, poorly-defined capsule membranes. 
The affinity of the continuous phase for the 
hydrophilic monomer is varied by altering the 
polarity of the continuous phase, and microcap- 
sules having uniform capsule membranes and 
selected upper limits of permeability can be pro- 
duced. Baiassa, U.S. Patent 3,780,195, describes a 
process for encapsulating active materials in a 
shell composition in which the capsule composi- 
tion is formed by dispersing an active material 
and a shell composition in a solvent for the shell 
composition. The capsule composition is formed 
into particles containing the active material in a 
dispersed phase, and removing the solvent from 



the shell composition solution by adding a lower 
molecular weight polyglycol. Preferably the 
desolventizing operation can be accelerated by 
first dispersing the capsule composition in a 

5 viscous white mineral oil to form discrete par- 
ticles, and then admixing the mixture with anhy- 
drous polyglycol. Among the shell materials are 
included proteins, such as egg and blood albu- 
min. Other patents dealing with the encapsulation 

w of medicaments or (non-living) natural products, 
are Vaientine et ai, U.S. Patent 2,889,252, Kitajima 
etai, U.S. Patents 3,691,090 and 3,714,065; Scar- 
peiii, U.S. Patent 3,516,942; Pasin U.S. Patent 
3,664,963; Ogawa, U.S. Patent 3,642,978 and Sol- 
is oway, U.S. Patent 3,137,631. The Soioway patent 
discloses encapsulation in natural products such 
as albumins, followed by treatment with cros- 
sltnking agents such as formaldehyde, giyoxal 
and the like, in order to increase the stability of 

20 the capsule walls. 

Among patents which describe the formation of 
soft solid microparticles, not capsules, having 
homogeneously dispersed therein various medi- 
caments and therapeutic compositions are MeeAs 

25 et ai, U.S. Patent 4,187,285, (technetium-99m 
dispersed in albumin); Yapel, Jr„ U.S. Patent 
(drugs dispersed in solid serum albu- 
min); Oppeniieim et air U.S. 4,107,288 (drugs 
dispersed in particles, including serum albumin 

30 particles, which are crosslinked); Zoiie, U.S. 
Patent 3,937,668 (solid albumin particles carrying 
radio-activity, drugs, insecticides, dyes and the 
like); Wincheii et ai, U.S. Patent 4,024,233 
(microaggregate human serum albumin having 

35 dispersed tin); and Layne etai, U.S. Patent 
4,094,965 (tin and a radionuclide dispersed in 
albumin). 

EP— A— 0054396 discloses implants, 
microbeads and microcapsules suitable for injec- 

40 tion into an animal body in which a non-albumin 
substance is enclosed in a matrix of cross-linked 
but physically native albumin. The non-albumin 
substance can be a biologically-active substance, 
especially a steroid, a non-steroid enzyme or 

45 living cells. The composition can be formed by 
dispersing the non-albumin substance and a bi- 
functionai cross-linking agent in a solution of a 
native albumin maintained at a temperature not 
in excess of 37**C and at a pH in the range 4 to 10 

so and subsequently maintaining said conditions 
until a body forms in which the albumin is in a 
cross-linked but physically native form. Alterna- 
tively, the non-albumin substance is dispersed in 
a solution of a self-polymerizable albumin active 

55 ester or albumin active intermediate at the 
aforesaid temperature and pH conditions and 
maintaining said conditions until a body forms in 
which the albumin is in a cross-linked but physi- 
cally native form. 

60 WO— A— 83/03102 (published 15th September 
1983) discloses a method of immobilizing bio- 
material such as living cells by encapsulation in 
bead polymers. The bio-material is added to an 
aqueous solution of a polymer or monomers 

65 which are subsequently caused to gel and then 
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the aqueous solution is dispersed in a water- 
insoluble medium. The polymers can include 
carbohydrate-based, or protein-based such as 
agar, agarose,, carrageenan, chitosan, gelatine 
and fibrinogen and the gelling can be caused by 5 
cooling, cross-linking, neutralization and subse- 
quent heating, or enzyme action. Suitable water- 
insoluble media include animal or vegetable fats 
or oils. 

A system for the microencapsulation of a great lo 
variety of substances, including antigens of 
various microorganisms such as bacteria and 
viruses, is described in U.S. Patent No. 4,389,330. 
The microencapsulation process taught in this 
patent comprises dissolving or dispersing an is 
active agent in a solvent, and dissolving wall- 
forming material in said solvent; dispersing the 
solvent containing the active agent and wall- ^ 
forming material in a continuous phase pro- 
cessing medium; evaporating a portion of the 20 
solvent from the dispersion step, thereby form- 
ing microcapsules containing the active agent in 
the suspension; and finally extracting the 
remainder of the solvent from the microcapsules. 

The problems confronted by the practitioner in 25 
attempting to extend all of these prior art tech- 
niques to the encapsulation of living cells, how- 
ever, are multiple. Many of the techniques 
described in the prior art operate under con- 
ditions which are too drastic for the survival or 30 
continuing viability of a living cell. For example, 
the use of organic solvents, high temperatures, 
reactive monomers, cross-linking conditions, and 
the like may hamper the survival of cells 
intended to be encapsulated. Moreover, it is 35 
crucial to prevent dehydration or osmotic rupture 
of the cell. Another serious problem is the neces- 
sity of providing the microcapsule walls with 
sufficient permeability for nutrients and excre- 
tion products. 40 

Along the same lines, if the celt is used as a 
source of macromolecules or biological assemb- 
lies, such as antibodies or virions, respectively, it 
is necessary to assure the existence of pores of 
sufficient size to permit the exit of such macro- 4S 
molecules. If the ceils are encapsulate and 
injected into a host so that they would provide a 
continuous source of macromolecules or biologi- 
cal assemblies, the pores have to be of the right 
diameter to allow the transport of the macro- so 
molecules or assemblies to the extra capsular 
medium, yet prevent the entry of molecules or 
ceils of a host which would destroy the encapsu- 
lated cells due to the immune system of the host. 

A need, therefore, continues to exist for a 55 
method to encapsute living cells under sufficient 
mild conditions which would allow the living 
cells to retain viability yet will also allow the 
formation of a controlled porosity in the capsule 
walls. 60 

According to a first aspect of the present 
invention, there is provided a process for the 
encapsulation of living cells which comprises: 

(a) dispersing living cells in an aqueous sol- 
ution of a capsule wall-forming protein; 65 



(b) forming aqueous droplets of said cell con- 
taining dispersion in an aqueous immiscible, cell 
compatible, oil; and 

(c) subsequently cross-linking said protein with 
a cross-linking agent which is soluble in said 
continuous processing medium but substantially 
insoluble in said aqueous droplets. 

Another aspect of the invention provides a 
composition comprising a living cell inside a 
capsule having a wall comprising a cross-linked 
protein formed by said process of the invention. 

The present invention provides a mild and 
efficient process for the preparation of encapsu- 
lated living cells. The invention is based on the 
discovery of conditions which allow the forma- 
tion of controlled porosity capsule walls, which 
in turn allow the formation and use of encapsu- 
lated cells . in such varied areas as hybridoma 
growth, drug delivery, and the like. 

The first step in the process of the invention is 
the formation of a solution of a protein or pro- 
teins which will form the eventual capsule wall. 
The wall material, therefore, should be soluble in 
water or in substantially aqueous solutions and 
should be capable of forming capsules when 
cross-linked. Suitable water soluble proteins 
include, for example, casein, collagen, gelatin, 
soy protein, gluten, albumins^ immunoglobulins, 
and various modifications gnd derivatives 
thereof. The wall-forming protein is dissolved in 
the aqueous solvent, preferably in a minimum 
practical amount of aqueous solvent Sufficient 
aqueous solvent should be used so that the 
resultant wall-forming composition has a 
viscosity no higher than practicable to handle 
with available equipment. Also, the viscosity 
should be such that a good dispersion of the 
cells can be obtained therein. For example, a 
solution containing anywhere between 5 to 95% 
by weight of protein, preferably 5—25% by 
weight of protein, can be prepared. At this stage, 
any antioxidant, preservative, or surfactant may 
be added if desired. 

To the protein-containing wall-forming sol- 
ution, is added a suspension of the appropriate 
cells to be encapsulated. The cells, which are 
described hereinafter, are normally added in an 
appropriate nutrient-containing medium, such as 
culture medium containing the necessary salts, 
reducing agents, antibiotics, serum, buffers, and 
the like. Culture media for either animal cell lines 
in vitro or microorganism cells are well-known to 
those skilled in the art and will not be described 
any further. The appropriate cells are homogene- 
ously dispersed throughout the wall-forming 
protein-containing solution, using a mild disper- 
sion method so as to prevent the rupture of the 
cells. Alternatively, to the wall-forming protein- 
containing solution is first added the appropriate 
culture medium, the intermediate solution is 
sterilized, and to it is then added a pellet or other 
appropriate form containing the living cells. 
These cells are then dispersed throughout the 
suspension. The number of cells to be added to 
the solution depends on the concentration 
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desired in the microcapsules. Generally, any- 
where between 10^ — 10^^ cells per ml of solution 
can be used, most preferably 10^ — 10® cells per 
ml. 

The second step in the process is dispersing the 
aqueous phase in a continuous processing 
medium. This processing medium must be 
immiscible with the aqueous phase and can be a 
mineral and non-mineral oil, with the proviso that 
the continuous medium should be compatible 
with the living cells, Le„ not harm or interfere with 
cell metabolism during the time of manufactur- 
ing. Appropriate materials may include such oils 
as silicone oils, peanut oil, cotton seed oil, 
sesame oil, and the like. A surfactant (emulsifying 
agent) can be added to the continuous phase 
processing medium to prevent the microcapsules 
from agglomerating and to control the size of the 
aqueous microdroplets in the emulsion. The dis- 
persion can be formed by mechanically agitating 
the continuous phase processing medium by a 
device such as a colloid mill, a homogenizer or 
the like. A simple mechanical stirrer can also be 
used and is preferred, since it is sufficiently mild 
to prevent breakdown of the cells. An emulsion 
can also be formed by adding small drops of the 
aqueous solution to the continuous phase pro- 
cessing medium. In a preferred embodiment of 
the dispersion step, the aqueous solution is dis- 
persed in sesame oil. 

The temperatures during the formation of the 
aqueous solution and further dispersion of the 
solution in the processing medium are not 
especially critical, but can influence the size and 
quality of the microcapsules. Moreover, depend- 
ing on the continuous phase processing medium 
employed, the temperature must not be too low 
or the aqueous solvent and processing medium 
will solidify, or the processing medium will 
become too viscous for practical purposes. 
Alternatively, the temperature should not be so 
high that the processing medium will evaporate, 
or the cells will lose their viability. Accordingly^ 
the dispersion process can be conducted at any 
temperature which maintains stable operating 
conditions. Preferably, the temperatures range 
from about OX to 40X, most preferably about 
25**C— 37X. 

Any amount of aqueous droplets which will 
maintain a stable emulsion is appropriate for the 
second step. The amount of aqueous phase 
should not be so high that crosslinking between 
two different droplets will occur, and hot be so 
low that it will be difficult to recover the microcap- 
sules after the process. Ideally, the ratio of aque- 
ous phase to processing medium is anywhere 
from between 0.1 and 99 partsof aqueous volume 
to 100 parts of processing medium volume. Most 
preferably the ratio is between 1 and 50 parts of 
aqueous phase to 100 parts of processing 
medium volume. 

A crosslinking agent is next added to the stable 
emulsion of aqueous droplets in the processing 
medium. The crosslinking agent has a number of 
functional and structural requirements. First, it 



should be substantially soluble In the continuous 
processing medium yet insoluble in the aqueous 
droplets. This requirement is quite crucial since it 
is the controlling element in preventing introduc- 

5 tion of the crosslinking agent into the aqueous 
droplets, and therefore possibility of extensive 
crosslinking of cells either between themselves or 
with the inside walls of the capsule. Because most 
cells contain proteins on the surface thereof, and 

10 these proteins contain groups which are capable 
of being crosslinked with the crosslinking 
reagents, the possibility of substantial aqueous 
solubility of the crosslinking reagent should be 
avoided. Since the crosslinking agent is soluble 

15 almost exclusively in the nonaqueous continuous 
phase, the crosslinking reaction occurs mostly at 
the interface between the aqueous droplets and 
nonaqueous continuous phase providing an 
"interfacial-type" crosslinking. A second require- 

20 ment for the crosslinking agent is that its cros- 
slinking capacity occur at the appropriate manu- 
facturing temperatures. A third requirement for 
the crosslinking agent is that it be at least bifunc- 
tional, so that it can crosslink at least two or more 

25 crosslinkable regions on the protein wall material. 
Fourth, the crosslinking material should contain 
chemical functions which will readily react under 
the conditions of the stable emulsion, with 
naturally occurring functional groups on the pro- 

30 tein. Such functional groups include hydroxy 
groups, amino groups, carboxyl groups, and thiol 
groups. Most preferably, the amino groups of the 
protein are utilized, for example the terminal 
amino groups or the e-groups of lysine. Among 

35 the preferred crosslinking agents of the present 
invention are the oil soluble diacid halides, cap- 
able of forming amide bonds with the protein 
amino groups. For example, such compounds 
include XOC— (CHaln— COX, wherein X is a halide 

40 (preferably fluoride, bromide or chloride), and n is 
usually 4—12. Among the most preferred are 
adipoyi chloride or sebacoyl chloride. In general, 
any hydroxy or amine-reacting multifunctional oil 
soluble crosslinking agent can be used. A fifth 

45 requirement is that the crosslinking agent should 
not react with the continuous phase processing 
medium. 

The concentration of the crosslinking agent in 
the processing medium can be adjusted quite 

50 liberally, and the low limits are those below which 
it is impossible to form a self supporting capsule 
wall. The upper limit, on the other hand, is that 
above which too much crosslinking would occur 
and the resulting capsule walls become too rigid 

55 and impermeable. The upper limit will also 
depend on the solubility of the crosslinking agent 
in the continuous phase processing .medium. 
Normally, the concentration can be readily 
adjusted by one of skill in the art, and can fall 

60 between 0.001 to 10 mg/100 ml of processing 
medium. 

The ratio of crosslinking agent to wall-forming 
protein will depend on the desired "tightness" of 
the crosslinking, the number of active crosslink- 
65 able functional groups present in the particular 
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protein utilized, the size otthe droplets, the time 
of reaction, and the wall thickness. An approp- 
riate ratio would be anywhere between 1 to 
1,000 molecules of crbsslmking agent per 
molecule of protein. 

After addition of the crosslinking agent, the 
resulting suspension is continuously stirred to 
maintain the droplets in emulsion, for a time 
sufficient to allow the desired amount of cros- 
slinking to occur. The temperature conditions of 
the crosslinking reaction can be maintained as 
before, or increased slightly to accelerate cros- 
slinking. Times can range from a few minutes to 
several hours, preferably 5—10 minute$ to 2 
hours,, most preferably 15 minutes to 1 hour, 

in many instances, the resulting suspension of 
microcapsules in processing medium, can be 
directly utilized, as for example, in the injection 
of encapsulated hybridomas into the peritoneal 
cavity of an animal. This is a preferred method 
of operation, especially when the processing 
medium contains little or no crosslinking agent 
at the end of the reaction and when a bio- 
compatible processing medium, such as sesame 
oil, as been utilized in the formation of the 
capsules. In this mode of operation, the user of 
the method could simply prepare the microcap- 
sules in situ and inject the resultant dispersion 
of capsules into the animal. 

Optionally, it is of course possible to add a 
number of other steps, such as separation of the 
capsules from the processing medium, and 
washing thereof with aqueous and/or nonaque- 
ous washing solutions. The separation can be 
appropriately carried out by interrupting the stir- 
ring, followed by decantation or centrifugatlon.. 
It is also possible to simply layer the processing 
medium on an aqueous phase, and centrifuge 
the bilayered arrangement, so as to directly 
force the microparticies from the processing 
medium into the aqueous phase. Preferably, the 
aqueous phase would be an appropriate culture 
medium for further growth of the encapsulated 
cells. 

In a preferred embodiment of the invention, 
the starting protein solution contains a water 
soluble poragenic (i.e., pore forming or generat- 
ing) compound, such as poly(vmyl alcohol), car- 
boxymethyl cellulose, poly{vinyl. pyrrolidone), 
starch or a glycol, most preferably glycol, such 
as a polyhydric glycol. The presence of this 
compound protects the cells during encapsula- 
tion, and assists in the formation of pores in the 
capsule walls. It is speculated that the poragenic 
compound may become entrapped between 
protein molecules during the crosslinking oper- 
ation, and Is removed during the subsequent 
contact of the formed capsules with aqueous 
solution, leaving pores in the walls of the capsu- 
les. The amount of poragenic compound used 
can be varied over a relatively wide range, and 
depends on the number of cells, the amount of 
porosity desired, the solubility of the poragen 
and the volume of the capsule compositions. 
The concentration in the aqueous solution can 



be from 1 mg/ml to 1 g/ml, preferably 200 to 
600 mg/ml. Ratios ranging from 1:10 by weight 
to 10:1 by weight of poragen to protein can be 
utilized. Polyglycols preferred in the present 

5 invention Include those having molecular 
weights in the range from about 100 (e.g,, dieth- 
yiene glycol) to about 10,000. The polyethylene 
glycols are preferred, especially those having 
molecular weights from about 4,000 to 6,000, 

10 preferably In the upper range. 

Another preferred embodiment In the present 
invention is the adjustment of the pore size of 
the capsules by contacting the formed capsules 
with a capsule-wall degradation enzyme. In the 

IS case when the capsule wall Is exclusively pro- 
telnaceous in nature, a proteolytic enzyme such 
as tripsin or chymotrypsin is added to a 
buffered aqueous suspension of capsules, and 
allowed to incubate with the capsules for a time 

20 sufficient to enlarge the pores to the desired 
size. Generally, this time ranges from 1—2 
minutes to 1 — 2 hours, preferably 1 — 2 minutes 
to 30 minutes. The enzyme digestion can be 
stopped, for example, by adding to the capsule 

25 dispersion an enzyme inhibitor, such as, for 
example, a proteolytic inhibitor, e.g., soybean 
trypsin inhibitor, or by washing away the 
enzyme from the capsules. 
In another preferred embodiment, the cell wall 

30 on the capsules is not exclusively composed of 
a protein material, but contains from 0.1 to 80% 
by weight of another material that is enzyme 
degradable, such as, for example, a polysac- 
charide, keratfn, DNA, RNA, collagen or other 

35 such materials. After formation of the capsule 
having a composite wall , of protein and other 
enzyme degradable material, the pore size of 
the capsule can be enlarged by treating the 
capsule with an enzyme which degrades the 

40 other enzyme degradable material. In case such 
material is a polysaccharide, a polysaccharide- 
degrading enzyme could be used. Specifically, a 
material such as cellulose, collagen, DNA, RNA, 
starch or keratin can be added, and the pore 

45 size expanded with celtulase, collagenase, 
DNase, RNase, amylase, or keratinase, respec- 
tively. The treatment times with the degrading 
enzyma can be again adjusted as with the pro- 
teolytic enzyme, supra. 

so The capsules of the present Invention are par- 
ticles of a spherical shape, although sometimes 
the capsules may be irregularly shaped. The 
capsules can vary in size, ranging from submic- 
ron to millimeters in diameter. Preferably, sub- 

55 micron to 250 pm diameters are desirable for 
formulations allowing administration of the cap- 
sules (more specifically "microcapsules") with a 
standard syringe needle. 
The pore sizes are at least those that will 

60 allow the entrance and exit of nutrients required 
to maintain cell growth and viability, and at 
most those which will prevent the exit of the 
whole cell. Ideally, the pore sizes are those 
which will allow the exit of macromolecules 

65 having molecular weight ranges from about 
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10,000 to 500,000, including nnost known 
immunoglobulins or virions. Virions normally 
have diameters of up to about 3,000 Angstroms 
(0.3 |im). Thus pore sizes may range from 5 
Angstroms (0.5 nm) to 15 jam, most preferably 20 
Angstroms (2 nm) to 0.3 nm. 

The nature and type of cells present in, and 
capable of being encapsulated in the capsules of 
the present invention is unlimited. The cells may 
be of animal origin, vegetable origin, or 
microbiological origin. The cells may also be of 
artificial origin such as hybridoma cells. These 
latter are, in fact, among the preferred types of 
cells to be encapsulated. Other cells derived from 
cell lines, such as myeloma cells and the like, can 
also be encapsulated. Finally, microorganism 
cells such as bacterial cells can be encapsulated. 
Among these, the most preferred bacterial cells 
are those which secrete a pharmacologically use- 
ful product, and include novel bacterial strains 
made by DNA recombination techniques which 
express materials encoded for by a gene from a 
foreign, especially mammalian, donor. Bacterial 
cells expressing foreign genes include those 
which produce interferon, growth hormones, 
insulin, (which may be produced by pancreatic 
cells themselves, of course), other hormone or 
prohormone-type molecules, and the like. 

The number of cells per capsule will depend on 
the size of the capsule but ranges anywhere from 
1 to 1,000, preferably 1 — 100. During growth and 
reproduction, the cell density increases inside the 
capsule, and growth then reaches a saturation 
level which will vary from cell to cell, and from 
capsule size to capsule size. A routine amount of 
experimentation will quickly'reveal what the sat- 
uration limit Is for a particule type of cell/capsule 
size combination. 

The present invention lends itself readily to the 
preparation of kits, to be utilized by the user for 
encapsulation of any desired cell. Such a kit can 
generally comprise a carrier being compartmen- 
talized to carry one or more containers therein 
such as test tubes, vials, glasses, bulbs, and the 
like. The container means may include a first 
means comprising the wall-forming protein with 
or without other elements of the original solution 
such as poragen, other enzyme degradable 
materials, nutrient medium, surfactants, and the 
like. The wall-forming materials may be present in 
solution or in freeze-dried form. A second con- 
tainer means may contain an appropriate cros- 
slinking agent. A third container means may 
contain the water immiscible processing medium. 
Other container means may contain desired cells, 
degradation enzymes, other wall-forming 
materials, and the like. The kit will normally 
contain instructions in the form of a catalogue, 
booklet or brochure. In utilizing this kit, alt the 
user has to do is prepare a solution of the 
materials in the first container means, from a 
dispersion of the cells he desires to encapsulate, 
add the solution to the processing medium, dis- 
perse the aqueous droplets to form a stable 
emulsion, add the crosslinking agent, and allow 
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wall-forming to occur. The user may, of course, 
add any of the aforementioned optional steps. 

The capsules of the invention are especially 
useful for the administration of cells to an animal, 
5 wherein the immune response of the animal 
towards the cell wishes to be minimized. Thus, 
hybridoma cells can be grown in an animal by 
injecting capsules comprising said cells into the 
animal. Drug delivery to an animal can be greatly 
w facilitated by injecting the animal with capsules 
comprising cells which produce a pharmacologi- 
cally active agent. Thus, recombinant bacteria 
which produce insulin, growth hormone or 
interferon could be injected into an animal and 
IS provide for a ready and continuous source of 
these active agents. Encapsulated pancreatic cells 
could be injected into a diabetic subject so as to 
provide a ready source of insulin. Cells which 
produce antibodies, enzymes and other biologi- 
20 caliy active materials can also be administered. 

Of particular interest in the preparation of cap- 
sule or microcapsule walls from proteins originat- 
ing in the animal to be used as host or subject of 
administration. This diminishes the possibility of 
25 immune response. For example, the use of BSA 
walls will facilitate the use of bovids as recipients, 
or the use of protein walls comprising human 
serum albumin facilitates administration of the 
capsules to humans. 
30 The administration of the capsules can be by 
local administration, by intraveous, inter- 
peritoneal, or intramuscular injection, by infusion, 
perfusion, and the like. 
Alternatively, the capsules used according to 
35 this invention have other uses. For example, they 
can serve as catalytic materials, in place of the 
heretofore used immobilized microbial cells or 
immobilized enzymes. They can be used for 
analytical purposes, by utilizing degradative 
40 encpasulated microorganisms to release a gas 
such as oxygen, which can then be monitored by 
means of an oxygen electrode, as is otherwise 
well-known in the art. 
When the microcapsules are used therapeuti- 
cs cally, the amount to be provided to the subject 
will depend on the age, sex, condition of the 
subject, other concurrent administrations, 
counter indications, and the like. For example, it is 
readily possible to calculate, for a given applica- 
50 tion, how much insulin or interferon should be 
released into the circulation over a given period of 
time, and accordingly inject the appropriate 
amount of microcapsules containing the desired 
cells. 

55 A particularly useful capsule is one which is 
derived from immunoglobulins in part or as a 
whole as the protein wall-forming material. By 
choosing the specificity of the immunoglobulins, 
one can produce capsules which will be directed 
60 to antigenic sites complementary to the wall- 
containing antibodies, and transform the capsu- 
les into a directed carrier system for living cells. 

Having now generally described this invention, 
the same will become better understood by ref- 
65 erence to a specific example which is included 
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herein for purposes of illustration bnfy and is not 
intended to be limiting of the invention or of any 
embodiment thereof. 

Exampfe 

Preparation of hybridoma microcapsules 

All of the microencapsulation equipment was 
first sterilized. Bovine serum albumin, BSA, (100 
mg), was dissolved in 1 ml of RPMI 1640 culture 
media containing sodium bicarbonate, 2-mercap- 
toethanol, penicillin, streptomycin, fungizone, 
and 10% of heat inactivated fetal bovine serum. 
This solution was sterilized by passing it through 
a millipore filter (Type HA 0.45 pm, Millipore 
Corporation, Bedford> Mass.) into a sterile test 
tube. Next, 200 mg of polyethylene glycol, PEG, 
Carbowax 6,000, Fisher Scientific Company, Pitt- 
sburgh, Pa.) was dissolved in the BSA solution 
and a pellet containing about 10^ hybridoma cells 
was suspended in 0.5 ml of the BSA-PEG medium 
mixture. 

This suspension was next added dropwise to 20 
ml of sterile sesame oil contained in a 50 mi resin 
kettle, maintained at and stirred at 1,200 
rpm. A water-in-oil emulsion formed with aque- 
ous microdroplets consisting of BSA, PEG, cells 
and culture media. One minute following the 
addition of the aqueous phase to the sesame oil, 
sebacoyi chloride (0.2 ml dissolved in 2 ml 
sesame oil) was added to the contents of the resin 
kettle. Two minutes after the sebacoyi chloride 
addition the stir rate was reduced from 1,200 rpm 
to 900 rpm. These conditions were maintained for 
40 minutes to allow the sebacoyi chloride to 
crosslink the BSA to form the microcapsule walls. 
After 40 minutes the contents of the resin kettle 
were gently centrifuged to spin down the 
microcapsules. The supernatant was removed 
and the microcapsules were washed with fresh, 
sterile sesame oil to remove the residual sebacoyi 
chloride. 

To transfer the microcapsules to culture media, 
the microcapsules were again centrifuged, the 
supernatant was removed, 2 ml of heptane was 
added to the microcapsule pellet, and this was 
quickly mixed with 5 mi of culture media. The 
mixture was then centrifuged; the supernatant 
was removed, and the microcapsule pellet was 
washed one more time with fresh culture 
medium, and the medium was adjusted to the 
proper pH. 

Cell viability after the microencapsulation was 
demonstrated by incubating the microcapsules in 
neutral red. The microencapsulated cells stained 
red, indicating viability. In a second approach the 
microcapsules were broken open and the 
exposed cells were incubated with trypan blue. 
No staining of the cells indicated that they were 
viable. The cells are viable for at least 2 months. 

Claims for the Contracting States BE, CH, DE, FR, 
GB, IT, LI, LU, IML, SE; 

1. A composition comprising living cells inside 
a capsule having a wail comprising a cross-linked 



protein, characterised in that said wall has been 
formed by: 

(a) dispersing living ceils in an aqueous sol- 
ution of a capsule wall-forming protein; 

5 (b) forming aqueous droplets of said cell-con- 
taining dispersion in an aqueous-immiscible, cell 
compatible oil; and 

(c) subsequently cross-linking said protein with 
a cross-linking agent which is soluble in said 

10 continuous processing medium but substantially 
insoluble in said aqueous droplets. 

2. A composition as claimed in Claim 1, wherein 
said protein is albumin, casein, collagen, gelatin, 
soy protein, gluten, or immunoglobulin. 

IS 3. A composition as claimed in Claim 1 or Claim 
2, wherein said wall has pores in the range 0.5 nm 
(5 Angstroms) to 15 urn. 

4. A composition as claimed in any one of the 
preceding claims, wherein said cells are hyb- 

20 ridoma cells, virally infected cells, or bacterial 
cells. 

5. A composition as claimed in any one of the 
preceding claims in combination with an approp- 
riate nutrient medium for said cells. 

25 6. A composition as claimed in any one of the 
preceding claims, wherein said capsules have 
average diameters less than 250 pm. 

7. A process for the encapsulation of living cells 
which comprises: 

30 (a) dispersing living cells in an aqueous sol- 
ution of a capsule wall-forming protein; 

(b) forming aqueous droplets of said cell-con- 
taining dispersion in an aqueous-immiscible, cell 
compatible oil; and 

35 (c) subsequently cross-linking said protein with 
a cross-linking agent which is soluble in said 
continuous processing medium but substantially 
insoluble in said aqueous droplets. 

8. A process as claimed in Claim 7, wherein said 
40 aqueous solution also contains nutrients for said 

cells. 

9. A process as claimed in Claim 7 or Claim 8, 
'wherein the encapsulated cell is as defined in any 
one of Claims 1 to 6. 

45 10. A process as claimed in any one of Claims 7 
to 9, wherein said solution also comprises an 
additional, enzyme-degradable material which 
forms a composite wall with the protein. 

11. A process as claimed in Claim 10, wherein 
50 said additional material is a polysaccharide, pro- 
tein or nucleic acid. 

12. A process as claimed in any one of Claims 7 
to IT, wherein said oil is silicone oil, peanut oil, 
cotton seed oil or sesame oil. 

55 13. A process as claimed in Claim 12, wherein 
said oil is sesame oil. 

14. A process as claimed in any one of Claims 7 
to 13, wherein said cross-linking agent is at least a 
bifunctional agent capable of reacting with 

60 amino, hydroxy, carboxy or thiol groups of pro- 
teins. 

15. A process as claimed in Claim 14, wherein 
said cross-linking agent is an oil-soluble diacid 
halide. 

65 16. A process as claimed in Claim 15, wherein 
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XOC— (CHaln— COX 

wherein X is a halide, and n is an integer from 4 to 5 
12. 

17. A process as claimed in Claim 16, wherein 
the diacid halide is adipoyi chloride or sebacoyl 
chloride. 

18. A process as claimed in any one of Claims 7 w 
to 17, wherein said aqueous solution of capsule 

wall forming protein also comprises a water 
soluble poragenic compound. 

19. A process as claimed in Claim 18, wherein 

said compound is poly(vinyl alcohol), carboxy- is 
methyl cellulose, poly(vinyl pyrrolidone), starch 
or glycol. 

20. A process as claimed in Claim 19, wherein 
said poragenic compound is polyethylene glycol 
having a molecular weight of 4,000 to 6,000. 20 

21. A process as claimed in any one of Claims 7 
to 20, which also comprises the step of adding to 
the formed cross-linked capsules a capsule wall 
degradation enzyme for a time sufficient to 
enlarge the pore sizes in said walls to a predeter- 2S 
mined average size. 

22. A method of propagating cells which com- 
prises growing said cells inside a capsule having 
a wall comprising a cross-linked protein and 
formed by a process as claimed in any one of 30 
Claims 7 to 21. 

Claims for the Contracting State AT: 

1. A process for the encapsulation of living cells 35 
which comprises: 

(a) dispersing living cells in an aqueous sol- 
ution of a capsule wall-forming protein; 

(b) forming aqueous droplets in said cell-con- 
taining dispersion in an aqueous-immiscible, cell 40 
compatible oil; and 

(c) subsequently cross-linking said protein with 
a cross-linking agent which is soluble in said 
continuous processing medium but substantially 
insoluble in said aqueous droplets. 45 

2. A process as claimed in Claim 1, wherein said 
aqueous solution also contains nutrients for said 
cells. 

3. A process as claimed in Claim 1 or Claim 2, 
wherein said solution also comprises an so 
additional, enzyme-degradable material which 
forms a composite wall with the protein. 

4. A process as claimed in Claim 3, wherein said 
additional material is a polysaccharide, protein or 
nucleic acid. 55 

5. A process as claimed in any one of the 
preceding claims, wherein said oil is silicone oil, 
peanut oil, cotton seed oil or sesame oil. 

6. A process as claimed in Claim 5, wherein said 

oil is sesame oil. so 

7. A process as claimed In any one of the 
preceding claims, wherein said cross-linking 
agent is at least a bifunctional agent capable of 
reacting with amino, hydroxy, carboxy or thiol 
groups of proteins. es 



8. A process as claimed in Claim 7, wherein said 
cross-linking agent is an oil-soJuble diacid halide. 

9. A process as claimed in Claim 8, wherein said 
diacid halide has the formula: 

XOC— (CHaln— COX 

wherein X is a halide, and n is an integer from 4 to 
12. 

10. A process as claimed in Claim 9, wherein the 
diacid halide is adipoyi chloride or sebacoyl 
chloride. 

11. A process as claimed in any one of the 
preceding claims, wherein said aqueous solution 
of capsule wall forming protein also comprises a 
water soluble poragenic compound. 

12. A process as claimed in Claim 11, wherein 
said compound is poly(vinyl alcohol), carboxy- 
methyl cellulose, poly(vinyl pyrrolidone), starch 
or glycol. 

13. A process as claimed in Claim 12, wherein 
said poragenic compound is polyethylene glycol 
having a molecular weight of 4,000 to 6,000. 

14. A process as claimed in any one of the 
preceding claims, which also comprises the step 
of adding to the formed cross-linked capsules a 
capsule wall degradation enzyme for a time suffi- 
cient to enlarge the pore sizes in said walls to a 
predetermined average size. 

15. A process as claimed in any one of the 
preceding claims, wherein said protein is albu- 
min, casein, collagen, gelatin, soy protein, gluten, 
or immunoglobin. 

16. A process as claimed in any one of the 
preceding claims, wherein said wall has pores in 
the range 0.5 nm (5 Angstroms) to 15 |im. 

17. A process as claimed in any one of the 
preceding claims, wherein said cells are hyb- 
ridoma cells, virally infected cells, or bacterial cells. 

18. A process as claimed in any one of the 
preceding claims, wherein said capsules have 
average diameters less than 250 Mm. 

19. A method of propagating cells which com- 
prises growing said cells inside a capsule having 
a wall comprising a cross-linked protein and 
formed by a process as claimed in any one of the 
preceding claims. 

Patentanspruche fur die Vertragsstaaten BE, CH, 
DE. FR, GB, IT, LI, LU, NL, SE: 

1. Zusammensetzung umfassend lebende Zel- 
len innerhalb einer Kapsel mit einer Wand umfas- 
send ein vernetztes Protein, dadurch gekenn- 
zeichnet, daS diese Wand gebildet wurde durch: 

(a) DIspergieren von lebenden Zetlen in einer 
wasserigen Losung eines kapselwandbildenden 
Proteins, 

(b) Bilden von wasserigen Tropfchen dieser 
zellhaltigen Dispersion in einem mit der.wasseri- 
gen Phase nicht mischbaren zellvertraglichen 01 
und 

(c) anschlieBendes Vernetzen dieses Proteins 
mit einem Vernetzungsmittel, das im genannten 
kontinuieriichen Behandlungsmedium loslich. 
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aber in den genannten wasserigen Tropfchen inn 
wesentlichen unldslich fst. 

2. Zusammensetzung, wie fn Anspruch 1 bean- 
sprucht, worin das genannte Protein Albumin, 
Kasein, Koliagen, Gelatine, Sojaprotein, Gluten 
Oder Immunoglobulin ist 

3. Zusammenselzung, wie in Anspruch 1 oder 
2 beansprucht, worin die genannte Wand Poren 
im Bereich von 0,5 nm (5 Angstrom) bis 15 pm 
aufweist. 

4. Zusammensetzung, wie in einem der vorher- 
gehenden Anspruche beansprucht, worin die 
genannten Zeilen Hybridzellen, virusinfizierte 
Zeilen oder Bakterienzelien sind. 

5. Zusammensetzung, wie in einem der vorher- 
gehenden Anspruche beansprucht, in Kombina- 
tion mit einem geeigneten Nahrmedium fur die 
genannten Zeilen. 

6. Zusammensetzung, wie in einem der vorher- 
gehenden Anspruche beansprucht, worin die 
genannten Kapsein mittlere Durchmesser von 
weniger als 250 |im aufweisen. 

7. Verfahren zum Einkapsein von lebenden 
Zeilen, welches umfaBt: 

(a) Dispergiereh von lebenden Zeilen in einer 
wasserigen Losung eines kapselwandbildenden 
Proteins, 

(b) Vilden von wasserigen Tr6pfchen der 
genannten zellhaltigen Dispersion in einem mit 
der wasserigen Phase nicht mischbaren zeilver- 
traglichen dl und 

(c) anschliefiendes Vernetzen des genannten 
Proteins mit einem Vernetzungsmittel, das im 
genannten kontinuierlichen Behandlungsme- 
dium losHch, aber in den genannten wasserigen 
Tropfchen im wesentlichen unldslich ist. 

8. Verfahren, wie in Anspruch 1 beansprucht, 
worin die genannte wMsserige Losung auch 
Nahrstoffe fur die Zeilen enthait. 

9. Verfahren, wie in Anspruch 7 oder 8 bean- 
sprucht, worin die eingekapselte Zelle wie in 
einem der Anspruche 1 bis 6 definiert ist. 

10. Verfahren, wie in einem der Anspruche 7 
bis 9 definiert, worin die genannte Losung auch 
ein weiteres enzymabbaubares Miatenal umfaBt, 
das eine Verbundwand mit dem Protein bildet. 

11. Verfahren, wie in Anspruch 10 bean- 
sprucht, worin das genannte weitere Material ein 
Polysaccharid, Protein oder eine Nukleinsaure 
ist 

12. Verfahren, wie in einem der Anspruche 7 
bis 11 beansprucht, worin das genannte d) Sili- 
kondl, ErdnuBol, Baumwollsamenol oder Sesa- 
mol ist. 

13. Verfahren, wie in Anspruch 12 bean- 
sprucht, worin das genannte 01 Sesamol Fst. 

14- Verfahren, wie in einem der Anspruche 7 
bis 13 beansprucht, worin das genannte Vernet- 
zungsmittel zumindest ein bifunktionelles Mittel 
ist, das imstande ist, mit Amino-, Hydroxy-, Car- 
boxy- oder Thiolgruppen von Proteinen reagie- 
ren. 

15. Verfahren, wie in . Anspruch 14 bean- 
sprucht, worin das genannte Vernetzungsmlttel 
ein olldsliches Dtsaurehalogenid ist. 



16. Verfahren, wie in Anspruch 15 bean- 
sprucht, worin das genante Disaurehalogenid die 
Formel 

• 5 XOC— (CHah- COX 

aufweist, worin X etn Halogenid bedeutet und n 
eine ganze Zahl von 4 bis 12 ist. 

17. Verfahren, wie in Anspruch 16 bean- 
10 sprucht, worin das Disaurehalogenid Adipoylch- 

torid Oder Sebacoylchlorid ist. 

18. Verfahren, wie in einem der Anspruche 7 
bis 17 beansprucht, worin die genannte wasse- 
rige Losung des kapselwandbildenden Proteins 

15 auch eine wasserldsliche porenbildende Verbin- 
dung umfaBt. 

19. Verfahren, wie in Anspruch 18 bean- 
sprucht, worin die genannte Verbindung Poly(vl- 
nylalkohol), Carboxymethylzellulose, Poly(vinyl- 

20 pyrrolidon), Starke oder Glykol ist. 

20. Verfahren, wie in Anspruch 19 bean- 
sprucht, worin die genannte porenbildende Ver- 
bindung Polyathylenglykol mit einem Molge- 
wicht von 4000 bis 6000 Ist. 

25 21. Verfahren, wie in einem der Anspruche 7 
bis 20 beansprucht, welches auch den Schritte 
des Zusetzens eines Kapselwandabbauenzyms 
zu den gebildeten vernetzten Kapsein wahrend 
eines Zeitraum's, der ausreicht, die PorengroBen 

30 in den genannten Wanden auf eine vorherbe- 
stimmte mittlere GroSe zu vergroRern, umfaSt. 

22. Verfahren zum Vermehren von Zeilen, 
welches das Zuchten der genannten Zeilen inner- 
halb einer Kapsel mit einer Wand umfassend ein 
. 3B vernetztes Protein und gebildet durch ein Verfah- 
ren, wie in einem der Anspruche 7 bis 21 bean- 
sprucht, umfaBt. 

Patentanspruche fur der Vertragsstaat AT: 

40 

1. Verfahren zum Einkapsein von lebenden 
Zeilen, welches umfaBt: 

(a) Dispergieren von lebenden Zeilen in einer 
wasserigen Losung eines kapselwandbildenden 

45 Proteins, 

(b) Bilden von wasserigen Tropfchen der 
genannten zellhaltigen Dispersion in einem mit 
der wasserigen Phase nicht mischbaren zellver- 
traglichen 01 und 

so (c) anschlieUendes Vernetzen des genannten 
Proteins mit einem Vernetzungsmlttel, das im 
genannten kontinuierlichen Behandlungsme- 
dium loslich, aber in den genannten wasserigen 
. Trdpfchen im wesentlichen unldslich ist. 

55 2. Verfahren, wie in Anspruch 1 beansprucht, 
worin die genannte wasserige Losung auch 
Nahrstoffe fur.die Zeilen enthait. 

3. Verfahren wie in Anspruch 1 oder 2 bean- 
sprucht, worin die genannte Losung auch ein 

60 weiteres enzymabbaubares Material umfal^t, das 
eine. Verbundwand mit dem Protein bildet. 

4. Verfahren, wie in Anspruch 3 beansprucht, 
worin das genannte weitere Material ein Polysac- 
charid, Protein oder eine Nukleinsdure ist 

55 5. Verfahren, wie in einem der vorhergehenden 
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Anspruche beansprucht, worin das genannte 01 
Silikondl, ErdnuSoi, Baumwoltsamendl oder 
Sesamol ist. 

6. Verfahren, in Anspruch 5 beansprucht, worin 
das genannte 0\ Sesanndl ist. 

7. Verfahren, wie in einem der vorliergehenden 
. Anspruche beansprucht, worin das genannte Ver- 

netzungsmittel zunnindest ein bifunktionelles Mit- 
tel ist, das innstande ist, mit Amino-, Hydroxy-, 
Carboxy- oder Thiolgruppen von Proteinen zu 
reagieren. 

8. Verfahren, wie in Anspruch 7 beansprucht, 
worin das genannte Vernetzungsnnittel ein ollosli- 
ches Disaurehaiogenid ist. 

9. Verfahren, wie in Anspruch 8 beansprucht, 
worin das genannte Disaurehaiogenid die Formel 

XOC— (CH2)— COX 

aufweist, worin X ein IHalogenid bedeutet und n 
eine ganze Zahi von 4 bis 12 ist. 

It). Verfahren, wie in Anspruch 9 beansprucht, 
worin das Disaurehaiogenid Adipoylchlorid oder 
Sebacoylchlorid ist. 

11. Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, worin die genannte 
wasserige Losung des kapselwandbildenden 
Proteins auch eine wasseriosliche porenbildende 
Verbindung umfaSt. 

12. Verfahren, wie in Anspruch 11 beansprucht, 
worin die genannte Verbindung Poly(vinylalko- 
hol), Carboxymethyizellulose, Poly(vinylpyrroli- 
don), Starke oder Glykol ist 

13. Verfahren, wie in Anspruch 12 beansprucht, 
worin die genannte porenbildende Verbindung 
Polyathylenglykol mit einem Molgewicht von 
4000 bis 6000 ist. 

14. Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, welches auch den 
Schritt des Zusetzens eines Kapselwandabbau- 
fenzyms zu den gebildeten vernetzten Kapseln 
wahrend eines Zeitraums, der ausreicht, die 
Porengrdl^en in den genannten Wanden auf eine 
vorherbestimmte mittlere GroBe zu vergroSern, 
umfaBt. 

15. Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, worin das genannte 
Protein Albumin, Kasein, Kollagen, Gelatine, 
Sojaprotein, Gluten Oder Immunoglobulin ist. 

16; Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, worin die genannte 
Wand Poren im Bereich von 0,5 nm (5 Angstrom) 
bis 15 pm aufweist 

17. Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, worin die genann- 
ten Zellen Hybridzellen, virusinfizierte Zellen oder 
Bakterienzeilen sind. 

18. Verfahren, wie in einem der vorhergehen- 
den Anspruche beansprucht, worin die genann- 
ten Kapseln mittlere Durchmesser von weniger 
als 250 pm aufweisen. 

19. Verfahren zum Vermehren von Zellen, 
welches das Zuchten der genannten Zellen inner- 
halb einer Kapsel mit einer Wand umfassend ein 
vernetztes Protein und gebildet durch ein Verfah- 



ren, wie in einem der vorhergehenden AnsprQche 
definiert, umfaBt 

Revendications pour les Etats Contractants BE, 
5 CH, DE, FR, GB, IT, U, LU, NL, SE: 

1. Composition comprenant des cellules 
vivantes a I'int^rieur d'une capsule ayant une 
parol comprenant une proteine r^ticul^e, caract6- 

10 risee en ce que cette parol a StS form^e: 

(a) en dispersant des cellules vivantes dans une 
solution aqueuse d'une proteine formant une 
parol de capsule; 

(b) en formant des gouttelettes aqueuses de 
15 cette dispersion contenant les cellules dans une 

huile non miscible a I'eau, compatible avec les 
cellules; et 

(c) en rSticuiant ensuite cette proteine avec un 
agent de reticulation qui est soluble dans ce 

20 milieu de traitement continu, mais pratiquement 
insoluble dans ces gouttelettes aqueuses. 

2. Composition suivant la revendication 1, dans 
laquelle cette proteine est Talbumine, la cas^ine, 
le collagene, la gelatine, la proteine de soja, le 

25 gluten ou une immunoglobuline. 

3. Composition suivant la revendication 1 ou 2, 
dans lauqelle cette parol a des pores dans I'inter- 
valle de 0,5 nm (5 A) d 15 pm. 

4. Composition selon Tune quelconque des 
30 revendications pr^cedentes, dans laquelle ces 

cellules sont des cellules d'hybridome, des cel- 
lules infectees par des virus ou des cellules 
bacteriennes. 

5. Composition selon Tune quelconque des 
35 revendications pr^cedentes, associ^e h un milieu 

nutritif appropriS pour ces cellules. 

6. Composition suivant I'une quelconque des 
revendications pr^cddentes, dans laquelle ces 
capsules ont des diamfetres moyens inf6rieurs ^ 

40 250 pm. 

7. Proc6d^ pour I'encapsulation de cellules 
vivantes, qui consiste 

{a) disperser des cellules vivantes dans une 
solution aqueuse d'une proteine formant une 
45 parol de capsule; 

(b) ^ former des gouttelettes aqueuses de cette 
dispersion contenant des cellules dans une huile 
non miscible h I'eau, compatible avec les cellules; 
et 

50 (c) d r6ticuler ensuite cette prot§ine avec un 
agent de reticulation qui est soluble dans ce 
milieu de traitement continu mais pratiquement 
insoluble dans ces gouttelettes aqueuses. 

8. Proc§d§ suivant la revendication 7, dans 
55 lequel cette solution aqueuse contient egalement 

des agents nutritifs pour ces cellules. 

9. Procdd^ suivant la revendication 7 ou 8, dans 
iaquel la cellule encpasul^e est telle que definie 
dans Tune quelconque des revendications 1^6. 

60 10. Proc6d6 suivant I'une quelconque des 

revendications 7 a 9, dans lequel cette solution 
comprend Egalement une mati^re suppl^men- 
taire, d^gradable par les enzymes, qui forme une 
parol composite avec la proteine. 

65 11. Proc^de suivant la revendication 10, dans 
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lequel cette matr^re supplementaire e$t un poly- 
saccharide, une prot^ine ou un acide nucl6ique. 

12. Proc6de suivant I'une quelconque des 
revendications 7^11, dans lequel cette huile est 
une huile de silicone, une huile d'arachide, une 
huile de graines de coton ou une huile de sesame. 

13. Proc6de suivant la revendication 12, dans 
lequel cette huile est I'huile de s6same. 

14. Proc6de suivant I'une quelconque des 
revendications 7 h 13, dans lequel cet agent de 
reticulation est au moins un agent bifonctionnel 
capable de r^agir avec les groupes ammo, 
hydroxy, carboxy ou thiol des proteines. 

15. Procede suivant la revendication 14, dans 
lequel cet agent de reticulation est un hafog6nure 
de diacide soluble dans I'huile. 

16. Procdde suivant la revendication 15, dans 
lequel cet halog^nure de diacide r^pond a la 
fornnule 

XOC— (CH2)„— COX . 

dans laquelle X est un halogenure, et n est un 
entier de 4 a 12. 

17. Proc6de suivant la revendication 16, dans 
lequel I'halogenure de diacide est le chiorure 
d'adipoyle ou le chiorure de s^bagoyle. 

18. procede suivant Tune quelconque des 
revendications 7 k 17, dans lequel cette solution 
aqueuse de prot^ine formant une paroi de cap- 
sule comprend 6galement un compose porogSne 
soluble dans I'eau. 

19. Proc6de suivant la revendication 18, dans 
lequel ce compose est I'alcool polyvinylique, ia 
carboxym^thylcellulose, la poly{vinylpyrroli- 
done), I'amidon ou le glycol. 

20. Proc6de suivant la revendication 19, dans 
lequel ce compos6 porog§ne est un poly6thyl§ne 
glycol ayant une masse moleculaure de 4 000 h 
6 000. 

21. Proced6 suivant I'une quelconque des 
revendications 7 h 20, qui comprend aussi le 
stade consistant a ajoute aux capsules reticulees 
form6es une enzyme de degradation des p^rois 
des capsules pendant un temps suffisant pour 
agrandir les tallies de pores de ces parois jusqu'^ 
une taille moyenne d6terminee k I'avanee. 

22. Proc6d6 de propagation de cellules qui 
consiste d faire deveiopper ces cellules ^ rint§- 
rieur d'une capsule ayant une parol comprenant 
une proteine r^ticulee et form6e par un procSdd 
tel que revendique dans Tune quelconque des 
revendications 7 a 21. 

Revendications pour I'Etat Contractant AT: 

1. Proc6de d'encapsulation de cellules vivantes, 
qui consiste: 

(a) § disperser des cellules vivantes dans une 
solution aqueuse d'une proteine formant une 
paroi de capsule; 

(b) a former des gouttelettes aqueuses dans 
cette dispersion contenant les cellules dans une 
huile non miscible ^ I'eau, compatible avec les 
cellules; et 



9 619 20 

(c) a r^ticuler ensuite cette prot6ine avec un 
agent de reticulation qui est soluble dans ce 
milfeu de traitement continu mais pratiquement 
insoluble dans ces gouttelettes aqueuses. 
5 . 2. Proc6d§ suivant la revendication 1, dans 
lequel cette solution aqueuse contient egalement 
des agents nutritifs pour ces cellules. 

3. Proc6d§ suivant la revendication 1 ou 2, dans 
lequel cette solution comprend aussi une mati^re * 

10 suppl6mentaire, degradable par les enzymes, qui 
forme une parol composite avec la proteine. 

4. Proc^dd suivant la revendication 3, dans 
lequel cette matiere suppl6mentaire est un poly- 
saccharide, une proteine ou un acide nucl6ique. 

IS 5. Proc6d6 suivant I'une quelconque des reven- 
dications precSdentes, dans lequel cette huile est 
une huile de silicone, une huile d'arachide, une 
huile de graines de coton ou une huile de sesame. 

6. Proc6d6 suivant la revendication 5, dans 
20 lequel cette huile est I'huile de sesame. 

7. Proc6d6 suivant i'une quelconque des reven- 
dications precedentes, dans lequel cet agent de 
reticulation est au moins un agent bifonctionnel 
capable de rdagir avec les groupes amino, 

25 hydroxy, carboxy ou thiol des prot6ines. 

8. Proc§d6 suivant la revendication 7, dans 
lequel cet agent de reticulation est un halogenure 
de diacide soluble dans i'huile. 

9. Procede suivant la revendication 8, dans 
30 lequel cet halogenure de diacide repond d la 

formula: 

XOC— (CHaln— COX 

35 dans laquelle X est un halogenure et n est un 
entier de 4 ^ 12. 

10. Procede suivant la revendication 9, dans 
lequel Thalogenure de diacide est le chiorure 
d'adipoyle ou le chiorure de sebagoyle. 

40 11. Precede suivant I'une quelconque des 
revendications precedentes, dans lequel cette 
solution aqueuse de proteine formant une paroi 
de capsule comprend egalement un compose 
porogene soluble dans I'eau. 

45 12. Procede suivant la revendication 1, dans 
lequel ce compose est I'alcool polyvinylique, la 
carboxymethylcellulose, la poly(vinylpyrroli- 
done), i'amidon ou le glycol. 

13. Procede suivant la revendication 12, dans 
50 lequel ce compose porogfene est un polyethylene 

glycol ayant une masse moiecuiaire de 4 000 a 
6 000. 

14. Procede suivant I'une quelconque des 
revendications precedentes, qui comprend aussi 

55 le stade consistant e ajouter aux capsules reticu- 
lees formees une enzyme de degradation de la 
paroi des capsules pendant un temps suffisant 
pour agrandir les tallies de pores dans ces parois 
jusqu'a une taille moyenne determinee k 

60 I'avanee. 

15. Procede suivant I'une quelconque des 
revendications precedentes, dans lequel cette 
proteine est I'albumine, la caseine, le coltagene, la 
gelatine, la proteine de soja, le gluten ou une 

65 Immunoglobuline. 
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16. Proc^dd suivant I'une quelconque des 
revendications pr^c^dentes, dans lequel cette 
parol a des pores dans Tintervalle de 0,5 nm (5 A) 
k 15 |inn. 

17. Proced6 suivant I'une quelconque des 
revendications pr6cedentes, dans lequel ces cel- 
lules sont des cellules d'hybrldomes, des cellules 
viralement infectees ou des cellules bact^riennes. 

18. Procede suivant Tune quelconque des 



revendications precedentes, dans lequel ces cap- 
sules ont des diann§tres moyens infdrieurs a 250 
|jm. 

19. Proced6 de propagation de cellules, qui 
5 conslste ^ faire d§velopper ces cellules h I'int^- 
rieur d'une capsule ayant une parol comprenant 
une protSine reticul6e et formee par un proced§ 
tel que revendique dans Tune quelconque des 
revendications precedentes. 
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